Background. Parasites are heterogeneously distributed in intermediate host populations, but how this variability changes between multiple geographic scales remain unclear. Here, we test whether in a complex host-parasite system developing in sandy shores, the high spatiotemporal variability in the physical structure of these habitats will lead to comparatively high variability in parasitosis observed at the local-(i.e. few metres) and meso-scale (i.e. tens of km), relative to the regional scale (several 100s of km).
Introduction 40
Parasites are essential components of natural communities over the world. They are 41 movement can explain the fact that the risk of malaria infection is more variable between 65 members of a household (i.e. local scale) than between communities separated by tens to alterations of habitats can potentially influence the host-parasite interaction by generating a 89 large amount of between-site heterogeneity in parasitosis (Smith, 2001) . 90
Complex host-parasite systems usually include highly mobile definitive hosts, 91 which are able to disperse the parasites over broad spatial scales. For instance, migratory 92 birds can disperse the infective stages of parasites over hundreds and thousands of 93 kilometres (Smith, 2007; Goulding & Cohen, 2014; Gutiérrez et al., 2017) . According to 94 metacommunity theory, high dispersal potential can lead to low heterogeneity in terms of 95 species occurrences and abundances across a region (Leybold, 2004) . Thus, low variability 96 in parasitosis within a complex host-parasite system can be expected when host populations 97 separated by several hundreds of km-but in the same biogeographic region-are 98 contrasted (i.e. a region-scale spatial comparison). Regarding complex parasite systems 99 developing in sandy shores, regional variation in parasitosis can be expected to be smaller 100 relative to that occurring at local and meso-scales of observation, owing the dynamic nature 101 of the physical structure of these habitats (see previous paragraph). Sandy shores are 102 currently under threat due to urban development and recreational activities worldwide 103 In this study we test the hypothesis that, in a complex host-parasite system 111 developing in coastal sandy shores, the high spatiotemporal variability in the physical 112 structure of these habitats will lead to comparatively high variability in parasitosis observed 113 at local-(few metres) and meso-scales (10s of km) relative to the geographic scale (100s of 114 km). In this complex system, the decapod molecrab Emerita analoga Stimpson, 1857 115 ingests accidentally the infective stages of the acanthocephalan Profilicollis altmani Meyer, variance of infection probability and parasite burden were analysed at the per capita level; 158 that of prevalence, intensity, and mean abundance were analysed at the population (i.e. 159 sample) level. 160
In the per capita models, we included molecrab body size as fixed variable due to 161 the strong accumulation of parasites over the ontogeny in this species (see also Rodríguez 162 & Valdivia, 2017). Scale-dependent variance components of per capita infection probability 163 and parasite burden were estimated from a binomial (logit link) and Poisson (log link) 164 GLMM, respectively. In the population-level models, the denominators of the calculations 165 of prevalence, intensity, and mean abundance-i.e. number of hosts, number of infected 166 hosts, and number of hosts, respectively-were included as fixed factors. This was done to 167 account for non-linearity between these measures. Poisson GLMMs were used for all 168 population-level estimations of variance components. 169
170
Results 171 cephalothorax length varied from 4.8 to 29.5 mm. The size of first infection was 9 mm 173 cephalothorax length. At the per capita level, the probability of infection varied from 0.1 (3 174 mm host) to 0.8 (25 mm host; Fig. 2A ) and parasite burden-i.e. the per capita number of 175 parasites-ranged between zero and 12 ind. per molecrab (Fig. 2B) . Body size accounted 176 for ca. 14 % of the variability in probability of infection, while the entire model accounted 177 for ca. 25 %. Cephalothorax length explained ca. 17 % of the variability in parasite burden, 178 and the entire ca. 33 %. The variance components suggested that, after controlling for the 179 variation in body size, the meso-scale (i.e. differences between sites) accounted for the 180 largest variation in both probability of infection and parasite burden, followed by the local-181 and regional-scales (Fig. 2C, and 2D ). The regional scale had almost no contribution to the 182 overall variation in infection probability and burden. 183
At the population level, prevalence was high in both regions, reaching values close 184 to 60 % (Fig. 3A) . Among sites (i.e. meso-scale), prevalence varied between 40 and 80 % 185 (Fig. 3B) . Prevalence was variable at the local-scale (within sites), with maximum values 186 near 90 % in the Biobío region and > 50 % of prevalence in most patches (Fig. 3C) . The 187 number of hosts (fixed portion of the GLMM) accounted for ca. 54 % of the variability in 188 prevalence, while the entire model accounted for ca. 76 %. 189
Mean intensity was similar between both regions (Fig. 3D ), but it was highly 190 variable at the meso-scale. For example Playa Blanca (Biobío) and Cheuque (Los Ríos) 191
showed the highest values across the entire region (Fig. 3E) . The number of infected hosts 192 in the model accounted for ca. 48 % of the variability in intensity, and the entire model 193 accounted for ca. 77 %. Similar patterns of variation showed the mean abundance of 194 parasites (nº of parasite per individual), which was variable at the meso-and local scales (Fig. 3H, 3I ). The fixed model (i.e. number of hosts) explained 28 % of the variability in 196 mean abundance, while the entire model explained ca. 69 %. 197
Prevalence variance component for the local-scale was slightly larger that for the 198 meso-scale, and almost no variability was detected for the regional scale (Fig. 4A) . For 199 intensity, on the other side, variance component of the meso-scale was one order of 200 magnitude larger than that of local-and regional-scales (Fig. 4B) . Finally, variance 201 component of mean abundance followed a similar pattern, in which the spatial variance 202 assessed at the meso-scale was ca. 3-fold that observed at the local-scale-the regional 203 scale of observation account for ca. zero spatial variability in mean abundance (Fig. 4C) . 204
205

Discussion 206
This study showed that the spatial heterogeneity of parasitism of molecrabs was in general 207 strongest at the meso-scale. At the per capita level, however, the relationships between 208 parasitosis and spatial scale were rather weak, as the scale of observation accounted for ca. 209 11 % of the variation in probability of infection and 16 % of that of parasite burden. In 210 contrast, we observed that prevalence, intensity of infection, and mean abundance varied 211 strongest at the local and meso-scale. In this host-parasite system, local and meso-scale 212 factors can be determinant predictors of the probability of infection and burden of 213 acanthocephalan parasites, which in turn drive the variation of prevalence, intensity, and 214 mean abundance in the region. Below, we discuss how local filters that influence habitat's 215 physical stability-such as mechanical disturbance and temporal dynamic of sandy 216 shores-can mediate the regulation of this host-parasite system. 217
In our study, most parasitological descriptors were highly variable at the spatial 218 meso-scale. Physical characteristics of sandy shores such as morphodynamics, in addition 
